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Abstract: This paper presents a study on a generic appro ach fo r modeling er ro r of curv e featur es in G IS. Er-
ro r o f curv e fea tures is determined by the err or o f the points tha t constitute the curv e. The er ro r is described
by w eighted ave rage va riance-covariance o f ( a) ro o t mean squa re er ro r in curv e no rmal direction (Xe ) , and
( b) e rr or in the direction w ith maximum er ro r (Xm ) r espectiv ely. Taking the thr ee-o rder ba sic Spline curv e as
an example, the implementation of model is illustr ated. This r esult is v isualized and fur ther compa red with
the r esults ba sed on line segment and circula r curv e-line er ro r models.
Keywords: GIS; curv e; uncer tainty; er ro r; model
?　?:本文对 GIS中一般曲线的误差进行了研究。曲线的误差由构成该曲线的任意点之误
差描述。曲线上任意点的误差由端点及距离误差传播导出的误差之加权平均值的协方差表示。
本文分别给出了垂直方向误差 (Xe)及最大方向误差 (Xm )的计算模型。以三次 B样条曲线为例 ,
给出了其建模及可视化结果 ,进一步地将该结果与折线及圆曲线的情况进行了比较。
　* ????: 1999-01-18,????: 1999-10-26。 ??? ,? , 37? ,??。 ????? GIS, GIS-T??????????????。
???????? (??: 49671065)??????????????????? (??: Polyu593)??。
???: GIS;曲线 ;不确定性 ;误差 ;模型
1　引　言
??????????? GIS?????
???????? ,? (Ⅰ )???? , (Ⅱ ) ??
??? (Ⅲ )?????。?? ,????????
??????。?????、?????????
????。?????????? ,??????
?????????????? ,??????
???、B?????。? GIS?????? ,?
???? (Ⅱ?Ⅲ )???????????? ,
??????????? (????? ) ,???
??????????????。??? ,???
?????????????????????
??。 ?? ,?????????? ,?????
?? ,????????? ,????、????
?、???? ,????????? ,?????
?、????? ,?????? GIS?????
??????????????? ,?????
????????。 ???????????
( National Commit tee fo r Digi tal Ca rtog raphic
Data Standa rd, ?? N CDCDS)???????
???? ,????????????????
??????? ,?????????????
??????????? [1 ]。?“???????
???”??? (?? )??、????、????
????? B??????????????
????????。?? ,????? ,????
???????? ,????????????
?????? ,?????。
???? (? (Ⅰ )?? )?????????
????????。 Perkal[2, 3 ]???“X-? ( Ep-
si lon Band)”??。 Ch risman[ 4]? Blakemo re[ 5]?
??????????。 ??? [ 6]??????
????????????????? ,???
?????? N??? [7 ]。
???、???、??? [8, 9 ]???????
??? (??? (Ⅱ ) ) ,???????????
???? ,?????— —?????????
???? ,????????????????
?????。
Huang & Liu
[10 ]????????????
???????? ,????????????
??? ,?????????????????
??。 Goodchild& Hunter[ 11]????????
????????????—— ???? ,?: ?
?????????????????????
?????????? ,??????????
?????????????。
???? GIS????? (? (Ⅲ )?? )?
???????? ,????????????
????????????? ,???????
?????? ,??????? B ?????
? ,???????。
2　一般曲线不确定性的εσ模型
???????? (????????? )?
f (x , y ,T,U)= 0 ( 1)
??
T= [T1　T2… ]T? U= [U1　U2 ]T?????
?。
??????? k1 , k2?????????
? i ,?
f ( x1 , y1 ,T,U)= 0
f ( x2 , y2 ,T,U)= 0 ( 2)
f ( xi , yi ,T,U)= 0 ( 3)
?? k1? i????? S1i ,?
S
2
1i= (xi - x 1 )
2
+ ( yi- y1 )
2
( 4)
?? ( 2)、 ( 3)、 ( 4)????? dU,???
dx i′
dyi′=
Ax Axs 0
Ay Ays 0
dZ
ds1i
ds2i
= A dY ( 5)
???????? ,????? dx i、 dyi ?
? dx i′、 dyi′,?
dY= [dx1　 dy1　 dx 2　 dy2　WT　ds1i　 ds2i ]T
?? k2? i????? S2i ,??? ,??
dxi″
dyi″=
Bx 0 Bxs
By 0 Bys
dZ
ds1i
ds2i
= B dY ( 6)
???? k1 ,k2??????? i????
??????????。??? ( 5)、 ( 6)????
?????????? ,??? 1
S1i
? 1
S2i
,??
dxi
dyi
= ( 1- r1 )
dxi′
dyi′+ r1
dxi″
dyi″=
　 ( A- r 1A+ r1B ) dY ( 7)
?? , r1= s
 
1i
s
 
12
??? k1、 k2????? ,?? r1= s1is12 ,??
??????? , ( 7)?????
dxi=
S2i
S12
dxi′+ S1i
S12
dxi″= ( 1- r1 ) dx1+ r 1dx 2
dyi=
S2i
S12
dyi′+ S1i
S12
dyi″= ( 1- r1 ) dy1+ r 1dy2
( 8)
??????????????? GIS???
???????? [6, 12 ]。
?????
Di=
e2xi exi yi
ex
i
y
i
e2y
i
=
( A- r1 A+ r1B )DY( A- r1 A+ r1B ) T ( 9)
??e2xi?e2yi? i?????? ,DY??Y???
?。????? i??????????eθ??
???? ,??????????θ
??
uθ= xicosθ+ yi sinθ ( 10)
??
　　e2θ= e2x
i
co s2θ+ e2y
i
sin2θ+ ex
i
y
i
sin2θ ( 11)
????eθ?????????Xe?? ,?
????Xe?????????????? ,?
??Xe?。
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3　一般曲线不确定性的εm带宽模型
???????????Xe? i ( xi , yi )??
???????????? Gθ? i??? ,? Gθ
?????????????????? (??
1) ,?? ,?Xe??????????????
???? ,????????????????
????????????????。????
????????? Gh,? Gh???????
???? Gλ,?|GhGλ|??????????。
??????? GhGλ??? Gh????。
? 1　????? i?????????????
Fig. 1　 The err or in the no rmal direction and maximum
er ro r fo r point i on the curv e
? iGh?????h,?
　　e2h= e2x
i
co s
2h+ e2y
i
sin
2h+ ex
i
y
i
sin2h ( 12)
?? ,Gh?????
xh= xi+ ehcosh
yh= yi+ ehsinh ( 13)
??? Gλ(xλ, yλ)?????????
x - xλ
f xλ′-
y- yλ
f yλ′= 0 ( 14)
??
f xλ′= LfLx|(xλ, yλ) ; f yλ′= LfLy|( xλ, yλ)
??? Gh(xh, yh)???? ,??
(xi - xλ+ ehco sh) f yλ′- (yi- yλ+ ehsinh) f xλ′= 0
( 15)
? GhGλ???? Shλ,?
S
2
h0= ( xh- xλ)
2+ ( yh- yλ) 2=
　 ( xi - xλ+ ehcosh) 2+ ( yi - yλ+ ehsinh) 2 ( 16)
???? Shλ????????h,?h、eh?
xλ、 yλ???? ,??? ( 1)、 ( 12)、 ( 15)????
?????? ,???h、eh、 xλ、 yλ????h0、e0h
? x 0λ、 y0λ,?? ( 1)、 ( 12)? ( 15)??????? ,
?????? ,????????
　
Th1Wh+ Te1Weh+ w 1= 0
Th2Wh+ Te2Weh+ Txλ2Wxλ+ Tyλ2Wyλ+ w2= 0
Txλ3Wxλ+ Tyλ3Wyλ+ w3= 0
( 17)
??
Th1= e2xi sin2h0- e2yi sin2h0 - 2exi yi cos2h0
Te1= 2e0h
w 1= (e0h) 2 - (e2xi co s2h0+ e2yi sin2h0+ exi yi sin2h0 )
Th2= - e0h( f yλ′) 0sinh0- e0h( f xλ′) 0 cosh0
Te2= ( f yλ′) 0cosh0+ ( f xλ′)0 sinh0
Txλ2= - ( f yλ′) 0+ (x i - x 0λ+ e0hco sh0 ) ( f yλ″) 0 -
( yi - y
0λ+ e0hsinh0 ) ( f xλ″) 0
Tyλ2= ( f xλ′) 0+ ( xi - x0λ+ e0hcosh0 ) ( f yλ″) 0 -
( yi - y
0λ+ e0hsinh0 ) ( f xλ″) 0
w 2= ( xi - x
0λ+ e0hcosh0 ) ( f yλ′) 0 - ( yi - y0λ+
e0hsinh0 ) ( f xλ″)0
Txλ3= ( f xλ′) 0
Tyλ3= ( f yλ′) 0
w 3= f
0
?
u1= xi - xλ+ ehco sh
u2= yi - yλ+ ehsinh ( 18)
???
u1= u
0
1+ co sh0Weh- e0hsinh0Wh- Wxλ
u2= u02+ sinh0Weh+ e0hco sh0Wh- Wyλ ( 19)
???????????????
　K= u21+ u22+ 2k1 (Th1Wh+ Te1Weh+ w 1 )+
2k2 (Th2Wh+ Te2Weh+ Txλ2Wxλ+ Tyλ2Wyλ+ w 2 )+
2k3 (Txλ3Wxλ+ Tyλ3Wyλ+ w 3 ) ( 20)
?
LKLWh= - 2u1e0hsinh0 + 2u2e0hco sh0+ 2k1Th1 +
2k2Th2= 0
LKLWeh= 2u1 cosh0+ 2u2 sinh0+ 2k1Te1+ 2k2Te2= 0
LKLWxλ= - 2u1+ 2k2Txλ2+ 2k 3Txλ3= 0
LKLWyλ= - 2u2+ 2k2Tyλ2+ 2k3Tyλ3= 0
???????
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(e0h) 2Wh+ e0hsinh0Wxλ- e0hco sh0Wyλ+ Th1k 1+
　Th2k2+ ( - u01e0hsinh0+ u02e0hco sh0 )= 0
Weh- cosh0Wxλ- sinh0Wyλ+ Te1k1+ Te2k2+
　 (u01cosh0+ u02sinh0 )= 0
sinh0e0hWh- cosh0Weh+ Wxλ+ Txλ2k2+
　Txλ3k3 - u01= 0
- co sh0e0hWh- sinh0Weh+ Wyλ+ Tyλ2k2+
　Tyλ3k3 - u02= 0
Th1Wh+ Te1Weh+ w 1= 0
Th2Wh+ Te2Weh+ Txλ2Wxλ+ Tyλ2Wyλ+ w 2= 0
Txλ3Wxλ+ Tyλ3Wyλ+ w 3= 0
( 21)
??? e0h= eX,h0= θ, x 0λ= xi , y0λ= yi ???
? ( 21)??????? Wh、Weh?Wxλ、Wyλ。 ??
?????????????hm? shλ,?? shλ?
?????????????? ,??? Xm ?
? ,Xm???????????????Xm?。
4　三次 B样条曲线的不确定性模型
B????? GIS????????。??
??? B????????????????
????????。
?? B????????? k 1? k2= k1+ 1
??????? i ,???????
h(x )= ∑
j
cjKj (x ) ( 22)
?? ,Kj ? cj ??????????????
?。
???? B???????
K( x )=
- 1
6
|x|3+ x 2- 2|x|+ 4
3
1
2
|x|3 - x2+ 2
3
0
　
1 <|x|< 2
|x|≤ 1
|x|≥ 2
( 23)
?? ,?? i ,????? x = xk1- 1 , xk1 , xk 1+ 1 ,
xk1+ 2?????????????? ,?
　 yi = ck1- 1K- 1 (z i )+ ck1K0 (zi )+ ck 1+ 1K1 (z i )+
ck
1
+ 2K2 (z i )=
　 ck1- 1 16 ( 1- zi ) 3+ cki [ 16 ( 2- z i ) 3-
4
6
( 1- zi )
3 ]+ ck1+ 1 [
1
6
( 1+ z i )
3-
4
6z
3
i ]+
ck
1
+ 2
1
6
z
3
i ( 24)
?? ,Kk ( x )= K(x - k ) ; z i= xi - xk1xk
2
- x k
1
?? ,xk 1 < xi < xk 2 ,? xk1、 xk2??? k1? k2??
??? ,?? Δxk
12
= xk
2
- xk
1
???????。
? ( 24)??? ,?
dyi= axi dx i+ a- 1i dck 1- 1+ a0i dck1+ a1i dck1+ 1+
a2i dck1+ 2+ axk1dx k1+ axk2dxk 2 ( 25)
??
axi= [-
1
2
ck1- 1 ( 1- z i )
2
-
1
2
ck1 [ ( 2- zi )
2
-
4( 1- z i ) 2 ]+
1
2
ck
1
+ 1 [ ( 1+ zi ) 2 - 4z 2i ]+
1
2c
k
2
+ 2z
2
i ] 1Δxk
12
a- 1i=
1
6
( 1- z i )
3
a0i=
1
6
( 2- z i )
3
-
2
3
( 1- zi )
3
a1i=
1
6
( 1+ z i )
3-
2
3 z
3
i ,a2i=
1
6z
3
i
ax
k1
= (zi - 1)ax
i
,ax
k2
= - z iax
i
????? k1? k2= k 1+ 1?????? ,
???? k1? k2 ,? z k1= 0, z k2= 1,???
dyk
1
=
1
6
( dck
1
- 1+ 4dck
1
+ dck
2
+ 1 )
dyk2=
1
6 ( dc
k
1+ 4dck 1+ 1+ dck1+ 2 )
( 26)
??
ax
1
= ( -
1
2
ck
1
- 1+
1
2
ck
1
+ 1 )
1Δx k
12
ax
2
= ( -
1
2
ck
1
+
1
2
ck
1
+ 2 )
1Δxk
12
?? k1? i????? S1i ,?
s21i= (x i- xk
1
) 2+ ( yi- yk
1
) 2
s1i ds1i= Δx 1i (dxi - dxk1 )+ Δy1i ( dyi - dyk1 )
( 27)
?? ( 25)、 ( 26)? ( 27) ,???
dxi′
dyi′=
- axi　 1
Δx 1i　Δy1i
- 1
Ax　 Ac　 0　 0
Asx　 0　 sli　 0
dX
dc
ds1i
ds2i
??
dX= [dxk1　 dyk1　 dxk2　 dyk2 ]T
dc= [dck
1
　 dck
1
+ 1 ]
T
Ax= [axk1　 6a- 1i　axk2　 6a2i ]
Ac= [a0i - 4a- 1i- a2i　a1i - a- 1i - 4a2i ]
Asx= [Δx 1i　Δy1i　 0　 0]
??? ,? s2i???
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dx i″
dyi″=
- ax
i
1
Δx2i Δy2i
- 1
Ax Ac 0 0
Bsx 0 0 s2i
dX
dc
ds1i
ds2i
??
Bsx= [0　 0　Δx 2i　Δy2i ]
???????Xe????? ,???????
i????? ,?? i?????????? eθ
?????? ,?Xe?。
?? ,?????????? i?????
Xm????。?? ,???? B???????
??????????
x= x (z i )
y= y (zi )
( 28)
?????? Gλ( xλ, yλ)?????????
x λ(x - xλ)+ y λ( y- yλ)= 0 ( 29)
??
x λ= ( dx
dz
)|z= zλ= xk2- xk 1
y λ= ( dydz )|z= zλ= - 12 ck1- 1 ( 1- zλ) 2-
　　 1
2
ck
1
[ ( 2- zλ) 2- 4( 1- zλ) 2 ]+
　　 1
2
ck
1
+ 1 [ ( 1+ zλ) 2- 4z 2λ ]+ 1
2
ck
2
+ 2z
2λ
?? ,????????????????
?h,?h、eh? zλ???????? ,?????
????? ,???????????????
???????????????? ,????
Xm??? ,???? Xm ???????? B?
?????????。
5　算例分析
????????? ,??? 10?? ,??
??? ( xi、 yi ) ( i= 1, 2,… , 10)?? ,??? 1。?
???????????????? ,????
????????。?????????、???
?????? ,?
y1″= y 10″= 0。
???? B????????? [13 ] ,?????
[1. 0, 2. 0 ]? ,???????????????
c0= 268. 8,c1= 244. 0,c2= 219. 2,c3= 205. 2
??? ( 24)????? [1. 0, 2. 0 ]??????
????。???????????? 1??。?
???????????????: ① ????
?????? ,e2x 1= e2y1 = e2x 2 = e2y2 = 18. 71 m2 ,
ex 1y1 = ex 2y2 = 0, ② ? ? ? ? , e2x1 = e2x2 =
18. 71 m
2 , e2y1 = e2y2= 8. 71 m2 ,ex 1y1= 8. 83 m2 ,
ex 2y2= - 8. 83 m2 ,?????????????
???? 1 m2。
???????????? ,??????
????。?? 2?? 3????????? ,?
??Xe?Xm???????????? ,???
? ,??????? ,???②? ,Xm?Xe???
?。?? ,?? 2? B???????????
??? ,???? ,??????? ,B????
??????????。? 2( c)????? B?
????????????????。
? 1　???????
Tab. 1　 The digitized coordinate data
x /m 1. 0 2. 0 3. 0 4. 0 5. 0 6. 0 7. 0 8. 0 9. 0 10. 0
y /m 244. 0 211. 0 208. 0 208. 0 211. 5 216. 0 219. 0 221. 0 221. 5 220. 0
　　　? 2　?①???? B????????
???????????
Tab. 2　 Error parameters and error bands of the B-
spline curve on the f irst assumption and com-
pared with line segment
r
1
B???? ??
e2x
i
/
m2
e2y
i
/
m2
ex
i
y
i
/
m2
A1 /
m
B1 /
m
Hi /
(°　′　″) Xe /m Xm /m Xe /m
0. 10 15. 333 15. 919 - 0. 118 3. 993 3. 913 100-58-21 3. 915 7 3. 915 9 3. 879 0
0. 20 12. 710 13. 055 - 0. 196 3. 625 3. 553 114-16-58 3. 565 1 3. 565 2 3. 505 5
0. 30 10. 837 11. 112 - 0. 246 3. 355 3. 270 120-26-32 3. 292 0 3. 292 8 3. 250 8
0. 40 9. 714 10. 068 - 0. 279 3. 197 3. 092 118-48-57 3. 116 8 3. 117 0 3. 088 4
0. 50 9. 373 9. 854 - 0. 294 3. 161 3. 039 115-21-56 3. 061 6 3. 061 6 3. 061 0
0. 60 9. 713 10. 522 - 0. 304 3. 259 3. 100 108-28-51 3. 116 6 3. 118 0 3. 107 7
0. 70 10. 835 11. 904 - 0. 291 3. 461 3. 280 104-17-11 3. 291 6 3. 291 6 3. 272 0
0. 80 12. 706 13. 956 - 0. 248 3. 742 3. 558 100-49-52 3. 564 5 3. 565 3 3. 535 8
0. 90 15. 329 16. 592 - 0. 159 4. 076 3. 913 97-05-22 3. 915 3 3. 915 5 3. 878 9
　　* A 1、B 1、Hi?????????、???????? ,??
　? 3　?②???? B????????
????????
Tab. 3　 Error parameters and error bands of the B-
spline curve on the second assumption
r
1
B????
e2
x i
/
m2
e2yi /
m2
ex iyi /
m2
A1 /
m
B1 /
m
Hi /
(°　′　″) Xe/m Xm /m
0. 10 15. 792 7. 303 6. 594 4. 403 1. 925 28-36-58 3. 973 9 4. 156 4
0. 20 12. 998 6. 045 4. 792 3. 930 1. 898 27-01-08 3. 605 3 3. 743 5
0. 30 11. 004 5. 241 2. 989 3. 503 1. 993 23-01-32 3. 317 2 3. 389 7
0. 40 9. 790 4. 881 1. 187 3. 172 2. 147 12-54-31 3. 128 9 3. 143 9
0. 50 9. 339 4. 948 - 0. 610 3. 070 2. 206 172-14-01 3. 056 0 3. 059 9
0. 60 9. 632 5. 418 - 2. 399 3. 274 2. 081 155-28-32 3. 103 5 3. 164 9
0. 70 10. 648 6. 262 - 4. 173 3. 629 1. 934 148-51-39 3. 263 1 3. 411 0
0. 80 12. 363 7. 442 - 5. 922 4. 039 1. 868 146-16-50 3. 516 1 3. 740 7
0. 90 14. 750 8. 918 - 7. 635 4. 473 1. 913 145-27-05 3. 840 6 4. 118 9
56 ?　?　?　?　　　　　　　　　　　　　　　　　　 29?
　　???????? [1. 0, 2. 0 ]?? B???
? (?????????? ) ,?????? ,??
????????? (?? 2( a) ) ,??????
???? (???????? ,????????
????? ,?? 2( b) )。????????? ,
???????????? ,????????
????????? (?? )?????????
???。
? 2　??、???? B????????????
Fig. 2　 The er ro r band v isualization for straigh t line ,
circular curv e line and B-spline curv e
6　结束语
????????????? GIS???
????? ,????? ,??????????
?? ,?????????????????? ,
??? GIS???????????? ,???
????????????????Xe?? ,?
?????????????????????
Xm??。??? ,??????Xe-????Xm-?
???????X-??????????。?? ,
??? B?????? ,??????????
????????????? ,????、???
?????? ,??????????????
??? (?? )????????????。
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